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Abstract

ABSTRACT

These experiments use ultrafast laser spectroscopy to study reaction and photodissociation dy-

namics in solution, probing both photodissociation and intramolecular energy transfer. They have ob-

served the photodissociation dynamics of methylhypochlorite (CH3OCI) in different solvents by monitor-

ing the disappearance of the Cl atom and have compared the flow of energy in vibrationally excited

methyl iodide (CH3I) in solution and in the gas phase. This second experiment is one of the few direct

comparisons of intramolecular vibrational energy flow in a solvated molecule with that in the same mole-

cule isolated in a gas. Because of the importance of vibrational relaxation of molecules after photoiso-

merization, the other goal has been to probe the vibrational energy flow in both cis- and trans-stilbene, a

prototypical molecule for cis-trans isomerization.
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INTRODUCTION

Vibrational and electronic motion are central to molecular processes such as energy transfer, bimolecular

and unimolecular reactions, and photochemistry, all of which have an array of fundamental and practical

consequences. The role of vibrational excitation in photodissociation is one example. The initial vibra-

tional state from which the photoexcitation occurs determines the portion of the excited state potential

that the molecule reaches, and the shape of the potential energy surface in that region in turn controls the

motion of the dissociating molecule. Isomerization is a more complicated process because it often rear-

ranges several chemical bonds. Both excited state dissociation and isomerization can involve the crossing

of two potential energy surfaces in a conical intersection,"' and the topology of such an intersection de-

termines the efficiency with which the system evolves along different paths. The subsequent relaxation of

the energy released in the dissociation or isomerization, which often appears as vibrational excitation, is

an essential step in stabilizing the products. The influence of the initial vibrational state from which elec-

tronic excitation occurs can even provide a means of controlling the excited state dynamics, and we have

previously studied such processes in isolated molecules.4 6

RECENT RESULTS

The results from our past period of AFOSR support illustrate the variety of processes amenable to study

with ultrafast vibrational and electronic spectroscopy and focus on dissociation dynamics and energy

transfer in solution. We have observed the photodissociation dynamics of methylhypochlorite (CHOCI)

in different solvents by monitoring the disappearance of the C1 atom.'0 We have compared the flow of

energy in vibrationally excited methyl iodide (CHI) in solution and in the gas phase, performing one of

the few direct comparisons of intramolecular vibrational energy flow in a solvated molecule with that in

the same molecule isolated in a gas." Because of the importance of vibrational relaxation of molecules

after photoisomerization, we have also taken the first steps toward studying photoswitches by probing the
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vibrational energy flow in both cis- and trans-stilbene,"2 where the time evolution reflects vibrational dy-

namics akin to those we observe in CH3I.

Photodissociation of Methylhypochlorite (CH 3OC!)

Excitation of CH 3OCI to either of its first two excited states leads to direct dissociation into a methoxy

radical and a Cl atom, as illustrated on the left side of Figure 1. We use 100-fs pulses of 267-nm light,

obtained by frequency tripling 800-nm light from a regeneratively amplified Tihsapphire laser, to photo-

I dissociate methylhypochlorite, and we
CH 30CI h- CH3 0 + C1 Transient Absopn

3 probe the resulting Cl atom with 100-
ne ci÷... ci-

A' , , 5 fs pulses at wavelengths between 290
40 100 200 300

A. IDelay, A•t (ps)AXprobe 3 nm and 370 nm obtained from an opti-

267. (-- 1o cal parametric amplifier (OPA).'"

l +, ÷ocH3 0Transient absorption of the C1 atom (in

A RCI-- Cl 100 370
(solvent complex) oe.20 030 350 a weakly bound complex with the

Figure 1 4 chlorinated solvent) allows us to moni-

tor the products as shown in the summary plot. The inset shows the transient absorption at one probe

wavelength. The short-time evolution of the absorption reflects the diffusive geminate recombination of

CI atoms with methoxy radicals, in which the initially separated methoxy and chlorine radicals diffuse

back together and recombine. Measurements in carbon tetrachloride, dichloromethane, 1,4-dichloro-

butane, and chlorocyclohexane show that the diffusive geminate recombination consumes between 30%

and 60% of the Cl, depending on the solvent, and the surviving Cl atoms either abstract a hydrogen from

the solvent or react with undissociated CH3OCI. We are able to model the initial separation and recombi-

nation quantitatively to obtain initial yields and recombination fractions that reflect the viscosity of the

solvent and the initial range of recoil of the atom. In other experiments, we have exploited the transient

absorption of photolytically produced Cl atoms to measure the rates of bimolecular reactions in solu-

tion. 13,14
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Vibrational Energy Flow in CH3I in Isolation and in Solution

We have followed vibrational energy flow by monitoring the change in an electronic transition as vibra-

tional energy initially deposited in a C-H stretch migrates into other vibrations, generally ones with larger

Franck-Condon factors, and then into the surrounding solvent.' In these experiments, a 100-fs infrared or

near-infrared pulse from an optical parametric oscillator initially excites the C-H stretch, and ultraviolet

light from another OPA probes the vibrationally excited molecule. We have applied this technique to sev-

eral molecules,'2" 5"' and during this last period of AFSOR support we have used it to monitor the energy

, I I I I flow of CH 3I both in solution and in the gas phase." The

upper panel in Figure 2 summarizes the results. In CCl, so-

lution, the absorption grows with a time constant of 7 ps as

I M --inCC14 energy flows into Franck-Condon active modes from the
Xprobe =310 nmn

initially excited C-H stretching overtone and subsequently
0 200 400 600 800 1000 1200

Delay (ps) decays with a 50-ps time constant as energy flows into the

t-E First Second
E0A2 Tirs Tier solvent. The situation is dramatically different in a gas-

""i Tie

S0.08 phase measurement using exactly the same technique. The

16 0.04->, 04signal rises rapidly, in slightly less than 7 ps, but then con-
ch
C

0.000
,0 2.. 4 6 8 10 12 tinues to grow more slowly over a period of about 400 ps.

Coupling Order
a d Analysis of the tier structure of the molecule, shown in the-I Total density of states (DOS)

Figure 2 : DOS involving C-I excitation lower panel as a plot of the density of vibrational states for

each coupling order, suggests that the slower rise comes from energy flowing out of the first tier of

strongly coupled states into another tier of more weakly coupled states. In solution, vibrational energy

does not reach these weakly coupled states before it flows into the solvent. There are other recent exam-

ples of such behavior,"'9 2 and we have described this and other informative comparisons between gas-

phase and condensed-phase reaction dynamics in a recent review.2'
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Vibrational Energy Flow in cis- and trans-Stilbene

Most recently, we have studied vibrational energy flow in stilbene in order to make a unique comparison

between energy flow rates in two geometric isomers"2 and to prepare the way for the excited state iso-

merization studies. The two isomers of stilbene shown in Figure 3 differ in the orientation of the phenyl

rings about the double bond, and, consequently, some of the
I I ' I I

1 Ps vibrational frequencies differ between the two isomers. We
1c.> {I n)>} -{In2>} {Ig >} have applied the same ultrafast vibrational excitation and elec-

T s tronic probing scheme, illustrated schematically in the figure,

T2 =2.6 ps A probe

"t3=24.1 ps 
2VCH Tthat we have used in other studies to cis and trans isomers of

1.0 Ae stilbene. As the data clearly show, the signal rapidly rises as
cis-Stilbene

0.8 ¶T2=1.4 ps the initial vibrational excitation leaves the C-H stretch and en-
N T3 =10.2 ps

0.6
0 * ters modes with better Franck-Condon factors. The signal thenz--o.4 -

ra 0 . *trans-Stilbene
E 02,,. _- °- decays with the two time constants shown in the figure as en-

1 23.4 ergy flows through other modes in the molecule. The decay
0 10 20 30 40 50 60 70

Figure 3 Delay. At (ps) times do not depend on the identity of the solvent, suggesting

that we are observing intramolecular vibrational energy flow, but they differ substantially between the

two isomers. The flow of vibrational energy in each stage is about twice as fast for the trans isomer as it

is for the cis isomer, as shown by the two decay constants t2 and T3 obtained from the fits to the data. The

scheme at the top of the figure illustrates the sequential coupling through subsets (tiers) of modes in stil-

bene that accounts for the energy flow times in the two isomers. The difference is another manifestation

of sets of energy transfer pathways within a molecule that depend on the exact energies and couplings of

the modes, as one expects from a tier model of vibrational energy flow.21 -23
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